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Background:  The  incentive  sensitization  theory  posits  that  in  the  transition  from  sporadic  to
problematic  alcohol  use,  the  incentive  value  of alcohol  increases  (wanting)  while  its  hedonic
effects (liking)  do not  change  or  decreases.  The  effect  of  the OPRM1  c.118A>G  polymorphism,
associated  with  liking  and  wanting,  and  the  DRD4-VNTR  polymorphism,  related  to wanting,
on the  relation  between  attentional  bias  and  alcohol  use  was  investigated.
Methods:  A  total  of  195  young  adolescents  (Study  1) and  86  young  adult  male  heavy  drinkers
(Study 2) completed  a  visual  probe  test. Saliva  samples  were  collected  to test  both  poly-
morphisms.
Results:  In Study  1, attentional  bias  was positively  associated  with  adolescent  alcohol  use
only  for  OPRM1  G-allele  carriers.  In  Study  2, attentional  bias  was  positively  associated  with
problem  drinking  for carriers  of a DRD4  long  allele.
Discussion:  It is tentatively  proposed  that  an attentional  bias  for  alcohol  is related  most
strongly  to  liking  and  wanting  in  early  adolescents,  while  in  young  adults,  an  attentional  bias
may reﬂect  wanting.  In addition,  individual  differences  associated  with  two  both  genetic
markers  should  be taken  into  account  when  examining  the relation  between  attentional
bias  and  alcohol  use.∗ Corresponding author at: Behavioural Science Institute, Radboud University 
Tel.:  +31 0 243612140.
E-mail addresses: Sarapieters@gmail.com (S. Pieters), H.vandervorst@pwo.ru.n
Schoenmakers@ivo.nl (T.M. Schoenmakers), Evandenwildenberg@stap.nl (E. Van
Ellen.lambrichs@maastrichtuniversity.nl (E. Lambrichs), M.ﬁeld@liverpool.ac.uk 
R.W.H.J.Wiers@uva.nl (R.W. Wiers).
878-9293/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.dcn.2011.07.008© 2011 Elsevier Ltd. All rights reserved.Nijmegen, Montessorilaan 3, 6500 HE Nijmegen, The Netherlands.
l (H. Van Der Vorst), W.burk@psych.ru.nl (W.J. Burk),
 Den Wildenberg), Bert.smeets@maastrichtuniversity.nl (H.J. Smeets),
(M.  Field), R.engels@pwo.ru.nl (R.C.M.E. Engels),
ognitive592 S. Pieters et al. / Developmental C
1. Introduction
In general, people tend to pursue rewards that produce
a considerable amount of subjective pleasure. Yet in the
case of drug addiction the transition from incidental to
compulsive use can be accompanied by decrease in enjoy-
ment of the substance, while consumption is undyingly
continued. It appears that in the course of the development
of addiction, the motivation to obtain drugs (“wanting”)
prevails over the decreased subjective pleasure (“liking”)
that is generated from its repeated use (Robinson and
Berridge, 1993, 2003). Support for the notion that “liking”
and “wanting” are psychologically dissociable reward com-
ponents stems primarily from animal studies, but some
attempts have been made to dissociate wanting from liking
in humans, using self-reports (Hobbs et al., 2005), reac-
tion time measures of associations (Thush and Wiers, 2007;
Wiers et al., 2002), and measures of attentional bias (Field
et al., 2009), including eye movements (Schoenmakers
et al., 2008) and brain responses (Luijten et al., 2010). For
example, Hobbs et al. (2005) found that adding a bad taste
(Tween) reduces consumption of fruit juice in both light
and heavy drinkers. However, it did not decrease beer
consumption in heavy drinkers, which was the case for
light drinkers. In addition to drinking behavior, indirect
measures have been used to assess potential markers of
an incentive salient reaction to alcohol cues in humans.
An incentive salient reaction has been related to arousal,
to a tendency to approach, and to an attentional bias
for cues signaling alcohol (Robinson and Berridge, 1993,
2003). Indeed, heavy drinkers demonstrated stronger auto-
matic associations between alcohol and arousal than light
drinkers (Wiers et al., 2002), and alcohol–arousal associ-
ations in early adolescent boys who had just started to
drink predicted escalation of drinking a year later (Thush
and Wiers, 2007). Recent studies have also demonstrated
an approach-bias for alcohol in heavy but not in light
drinkers (Field et al., 2008; Wiers et al., 2009). Many stud-
ies have demonstrated an attentional bias for alcohol in
heavy drinkers (Field et al., 2009), including eye move-
ments (Schoenmakers et al., 2008) and brain responses
(Luijten et al., 2010). Note that these ﬁndings are in line
with incentive salience theory, but are no direct proof and
some controversy remains (Bradberry, 2008; Leyton, 2007;
Robinson and Berridge, 2008).
Animal research has suggested that different neural
substrates are involved in “liking” and “wanting”. Whereas
“liking” is related to opioid forebrain systems, endo-
cannabinoid and GABA-benzodiazepine neurotransmitter
systems (Berridge, 1996; Berridge et al., 2009; Nesse and
Berridge, 1997; Robinson and Berridge, 2003), “wanting”
has been related to dopamine projections from the ven-
tral tegmental area to the nucleus accumbens (NA), cortical
areas and the amygdala (e.g. Le Foll et al., 2009; Breiter et al.,
1997). Although the mesocorticolimbic dopamine (DA) sys-
tem is activated by numerous natural incentives, such as
food or sex, drugs also have the unique ability to render
this system enduringly hyper responsive, a process enti-
tled sensitization. The incentive sensitization theory (IST)
posits that the DA circuit that is targeted by drugs medi-
ates the attribution of incentive salience to drug-related Neuroscience 1 (2011) 591– 599
stimuli and actions. As a result, representations of these
cues become increasingly “wanted” and engage attentional
resources (Robinson and Berridge, 1993, 2003).
The neuro-adaptations related to emerging alcohol or
drug use should be viewed from the more general per-
spective of adolescent brain development, as most alcohol
and drug use starts during adolescence, a period in which
emotional–motivational brain systems rapidly develop.
The normal (not drug-related) brain changes in adoles-
cence are directly related to the hormonal changes in
this period (Forbes and Dahl, 2010) and coincide with the
peak in sensation seeking during adolescence (Steinberg
et al., 2008). This developmental perspective is useful to
distinguish two often confounded systems which both
contribute to risk behaviors (Steinberg, 2010), including
substance use (Casey and Jones, 2010; Wiers et al., 2010):
a social-emotional or associative impulsive system and a
cognitive control or reﬂective system. In adolescence, a
rapid increase in dopaminergic activity takes place within
the socio-emotional system, which is assumed to lead to
increases in reward-seeking. Whereas during the course
of adolescence, the cognitive control system gradually
matures resulting in more advanced self regulation and
impulse control (Steinberg, 2010). Thus, the quick rise in
sensation seeking in puberty will make alcohol and drug
use more attractive, while the relatively underdeveloped
reﬂective processes will have difﬁculty in controlling the
resulting appetitive impulse, especially when there is social
pressure (Casey and Jones, 2010; Steinberg, 2010; Wiers
et al., 2007). As a result of the substance-induced neuro-
adaptations, continued substance use will increase the
appetitive drive and is likely to further delay the devel-
opment of self-control.
An attentional bias for drugs, the observation that drug
cues relatively automatically or reﬂexively capture atten-
tional processes at the expense of other stimuli in the
environment, is thought to play a role in the etiology
and maintenance of addiction (e.g. Field and Cox, 2008).
The exact mechanism behind the relation between cog-
nitive biases and prolonged drug use remains unclear:
while some scholars argue for a subsequent neural transfer,
from ventral to dorsal striatal structures, associated with
habit formation (Everitt and Robbins, 2005) others stress
that, although the rituals accompanying drug taking can be
automatized, the key element of compulsive drug use is still
motivational instead of habitual (Robinson and Berridge,
2003). Nevertheless, most theorists agree on the fact that
with repeated drug use, drug cues not only acquire percep-
tual salience, but also motivational salience, fueling further
drug use.
The main aim of our study was  to examine individ-
ual differences in the relationship between attentional bias
and alcohol use. The focus is on alcohol, as it is one of the
most commonly used drugs of abuse worldwide with an
age of onset typically occurring in adolescence (Grant and
Dawson, 1997; Van Der Vorst et al., 2009). Studies have
indicated an attentional bias in alcohol dependent inpa-
tients (Stetter et al., 2006), non treatment seeking heavy
drinking adults (Townshend and Duka, 2001) and adoles-
cents (Field et al., 2006). To our knowledge, no studies have
yet examined whether a genetic predisposition may iden-
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ify individuals who are susceptible to the motivational
roperties of drug cues.
We examined the moderating role of two genetic mark-
rs: the c.118A>G single nucleotide polymorphism of the
u-opioid receptor gene (OPRM1) and the dopamine D4
eceptor gene (DRD4). The OPRM1 polymorphism has been
inked to increases in affective reactions following alcohol
onsumption (Ray and Hutchison, 2004). Opioid activ-
ty has also been implicated in appetitive motivational
rocesses, such as cue-induced alcohol craving (Van Den
ildenberg et al., 2007a),  approach biases (Wiers et al.,
009) and a stronger haemodynamic signal in mesocorti-
olimbic areas in response to a prime dose of alcohol (Filbey
t al., 2008). The opioid system moderates the mesolim-
ic dopaminergic function, which is probably related to
he fact that under normal circumstances, and in begin-
ing alcohol and drug use “liking” and “wanting” go hand
n hand (Berridge et al., 2009). However, in problematic
lcohol and drug use, “liking” and “wanting” can dissociate,
hich could be related to individual differences in the other
enetic marker we investigated: the DRD4 polymorphism.
arriers of the DRD4 long allele demonstrate higher levels
f subjective craving after having a few alcoholic drinks, but
he DRD4 gene does not seem to be associated with “liking”
rocesses (Hutchison et al., 2002). These ﬁndings are in line
ith research showing that dopamine agonists only inﬂu-
nce “wanting” processes, while “liking” processes are left
naffected (Hutchison et al., 2001).
In the current study, we investigated the moderating
ffect of OPRM1 and DRD4 on the association between
ttentional bias and alcohol use in two independent sam-
les who differed in their alcohol-involvement. In the ﬁrst
ample of young adolescents, a positive relation between
ttentional bias and alcohol use was anticipated in risk-
llele carriers of the OPRM1 G-allele, since in this stage
f drinking, both “liking” and “wanting” processes play
 role in the development of alcohol use. To the extent
hat the DRD4 polymorphism is more speciﬁcally related
o “wanting”, we hypothesized that DRD4 would inter-
ct with attentional bias in explaining alcohol use, in the
econd sample of young adult heavy drinkers, since “want-
ng” should have become more relevant in the escalation
f alcohol use to abuse. Hence, even though the studies
re cross-sectional, the two samples differ in their alcohol-
nvolvement: young adolescent beginning drinkers where
iking and wanting should still be strongly related, and
oung adult heavy drinkers, who begin to experience prob-
ems with drinking, which could indicate “wanting” despite
dverse consequences.
. Study 1
.1. Method
.1.1. Participants and procedure
The sample included 195 adolescents (56% female)
etween 12 and 16 years of age (M = 13.69, SD = .89).
lmost all adolescents (94.1%) lived in households with
oth parents being Caucasian, the remainder had a least
ne non-Caucasian parent. Participants were in ﬁrst, sec-
nd and third grade of three Dutch high schools. Roughly Neuroscience 1 (2011) 591– 599 593
42% were in college-preparatory education, 33% were in
intermediate education, 4% were in vocational training, and
21% had not yet decided (adolescents in the Netherlands are
allowed to choose an ultimate educational track in the ﬁrst
or second grade).
The sample was  drawn from a larger longitudinal
project examining risk factors associated with adolescent
alcohol use (see Pieters et al., 2010). A total of 1215
adolescents attending four schools were contacted for par-
ticipation. Of these, 725 agreed to participate by returning
a consent form signed by their parents and themselves.
Approximately 50% of these parents (n = 378) also provided
additional consent for the donation of a saliva sample from
their offspring for analysis of genetic polymorphisms. Data
collection was  completed at schools during 1 h sessions
on two separate days. On the ﬁrst day, students individ-
ually completed computer tasks assessing cognitive risk
factors under supervision of trained research assistants,
and for students whose parents provided additional con-
sent, salvia samples were collected. On the second day,
questionnaires were administered to students by trained
research assistants. For the current study, we  targeted ado-
lescents between 12 and 16 years of age (n = 502), who  also
provided a saliva sample (n = 232). A total of 37 students
were excluded because they did not complete the survey
or computer task. This resulted in a total of 195 partici-
pants. Independent samples t-tests indicated that the 195
participants reported less frequent alcohol use than the
270 non-participants without genetic data, t(463) = 2.38,
p = .005, and lower quantity of alcohol use, t(463) = 2.43,
p = .015.
2.1.2. Measures
2.1.2.1. Frequency of alcohol use. Adolescents were asked
about the average frequency of their alcohol consumption
(Pieters et al., 2010). Answers were given on an 8-point
scale: (1) “never”, (2) “once a year”, (3) “once every 6
months”, (4) “once every 3 months”, (5) “once a month”,
(6) “twice every month”, (7) “once a week”, and (8) “mul-
tiple times a week.” The average frequency of alcohol use
score was  2.34 (SD = 1.64)
2.1.2.2. Weekly alcohol use. In four items, adolescents dis-
closed the amount of glasses of alcohol that they had
consumed in the week preceding the study, at home, out-
side home, on weekdays and in weekends (Engels et al.,
1999). Answers on items were summed up to form a mea-
sure of the quantity of alcohol use in the past week. Most
participants reported not drinking any glasses of alcohol
the previous week (M = .39, Mdn  = 0, SD = 1.34). A loga-
rithmic transformation was applied to this score, which
reduced the degree of skewness and kurtosis in the dis-
tribution of this measure. We performed separate analyses
using the raw and transformed measures. The pattern of
statistically signiﬁcant results was  identical in both analy-
ses, so we report the results using the raw scores for ease
of interpretation purposes. The frequency and quantity of
alcohol use were moderately correlated (r = .49, p < .001).
2.1.2.3. Visual probe test. Participants completed the visual
probe (VP) test, in which they had to respond to a probe
594 S. Pieters et al. / Developmental Cognitive
Table 1
Linear regression analysis predicting the frequency of adolescent alcohol
use (Study 1).
Predictors b se  ˇ p
Gender (female = 1) −.30 .22 −.09 .173
Age .61 .12 .33 <0.001
OPRM1 genotype (risk = 1) .53 .26 .14 .045
Attentional bias −.04 .12 −.03 .711
OPRM1 genotype × attentional bias 1.03 .36 .20 .004
Note: N = 195.
(arrow pointing up or down) that appeared on a computer
screen shortly after one alcohol and one soft drink picture
were presented side by side for 1500 ms  (one picture in
each hemiﬁeld). The probe replaced an alcohol or a soft
drink picture randomly over 112 trials and an index of
attentional bias was calculated by subtracting mean reac-
tion times to probes replacing alcohol from those replacing
soft drink pictures. Positive numbers reﬂected a relative
attentional bias for alcohol: faster reaction times to probes
replacing an alcohol picture compared to a soft drink pic-
ture. We  calculated an estimate of internal consistency by
calculating the bias score for each quarter of the trials,
and estimate an internal consistency measure (Cronbach’s
alpha). The internal consistency was low (  ˛ = .19), which
is in line with other research using this measure (e.g.
Schmukle, 2005).
2.1.2.4. Genotyping. For the determination of the OPRM1
A118G (rs 1799971) genotype we refer to previous work
by Van Den Wildenberg et al. (2007b). DRD4 VNTR alle-
les were ampliﬁed by PCR using the PCR enzyme kit
Phusion High-Fidelity DNA polymerase (Finnzymes) with
forward primer 5′-TCTTCCTACCCTGCCCGCTCAT-3′ and
reversed primer 5′-GCCTTGCGGAAGACGTTGCGGAACT-3′.
The reaction mixture contained 0.5 mM of each primer,
approximately 10–50 ng DNA, 200 mM dNTPs, 5× Phusion
GC buffer and 3% DMSO in a ﬁnal volume of 25 l. After
an initial denaturation step at 94 ◦C for 3 min, PCR con-
sisted of 30 cycles of 30 seconds at 94 ◦C, 35 s at 60 ◦C, and
2 min  at 72 ◦C. A ﬁnal extension step of 5 min  at 72 ◦C was
followed by cooling of the samples to room temperature.
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PCR products were separated on a 2% agarose TAE gel at
100 V for 1.5 h next to a O’rangeruler 200 bp ladder mix and
visualized using ethidium bromide. The allele frequencies
for the OPRM1 A118G (rs 1799971) genotype in this sam-
ple were in conformity with Hardy–Weinberg equilibrium
expectations (p > .05). However, this was not the case for
the DRD4 (p < .05). Therefore, we  did not include the DRD4
in the analyses. A total of 151 participants had a “no risk”
proﬁle for OPRM1 (AA genotype), and 44 participants had a
“risk” proﬁle for the OPRM1 genotype (at least one G-allele)
2.2. Results
Two  hierarchical linear regressions were performed to
examine whether links between attentional bias and alco-
hol use were limited to adolescents with the OPRM1 risk
genotype. In both analyses age, gender, OPRM1 genotype,
attentional bias, and the interaction between OPRM1 and
attentional bias were entered as predictors. In the ﬁrst
analysis, frequency of alcohol use was the dependent vari-
able; quantity of alcohol use was the dependent variable
in the second analysis. Table 1 presents the results of the
regression involving frequency of alcohol use. The predic-
tors explained a total of 17% of the variance on alcohol
use frequency, F(5,189) = 7.86, p < .001. The main effect of
age emerged as statistically signiﬁcant, with older students
reporting more frequent alcohol use than younger partici-
pants. The main effect for OPRM1 genotype was signiﬁcant,
but was  qualiﬁed by an interaction with attentional bias.
Fig. 1 presents the simple slopes describing this interac-
tion. Speciﬁcally, attentional bias was positively associated
with frequency of alcohol use for G-allele carriers (b = .99,
se = .34, p = .004) and not signiﬁcantly related to frequency
of alcohol use for non G-allele carriers (b = −.04, se = .11,
p = .71). So, attentional bias predicted more frequent alco-
hol use only for those in the OPRM1 risk group.
Table 2 presents the results of the regression involving
alcohol use quantity. The predictors explained a total of
15% of the variance on alcohol use quantity, F(5,189) = 6.56,
p < .001. The main effect of age emerged as statistically
signiﬁcant, with older students reporting more intense
alcohol use than younger participants. The main effect for
OPRM1 genotype
s
No risk
Risk
Positive
nd attentional bias on frequency of alcohol use.
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Table 2
Linear regression analysis predicting the quantity of adolescent alcohol
use (Study 1).
Predictors b se  ˇ p
Gender (female = 1) −.04 .12 −.02 .756
Age .13 .07 .13 .050
OPRM1 genotype (risk = 1) .65 .14 .32 <.001
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SAttentional bias −.05 .06 −.06 .438
OPRM1 genotype × attentional bias .59 .19 .22 .003
ote: N = 195.
PRM1 genotype was signiﬁcant, but was qualiﬁed by an
nteraction with attentional bias. Fig. 2 presents the simple
lopes describing this interaction. Speciﬁcally, attentional
ias was positively associated with quantity of alcohol use
or G-allele carriers (b = .54, se = .18, p = .003) and not for
on G-allele carriers (b = −.09, se = .08, p = .25). So, atten-
ional bias also predicted more intense alcohol use only for
hose in the OPRM1 risk group.
In sum, the ﬁndings show that only for the OPRM1 G-
llele carriers, attentional bias predicted more frequent
lcohol use and higher levels of alcohol use in adolescents,
ndicating that “liking” and “wanting” both play a role in
he development of alcohol use. It is expected that in later
tages of alcohol use “wanting” plays becomes more impor-
ant in the motivation to drink than “liking” when use
as progressed to problematic use. We,  therefore, concen-
rated on indices of problems associated with alcohol use
s dependent variable in Study 2. In this study, only male
eavy drinkers were included for two reasons: ﬁrst, heavy
rinking is far more prevalent in male late adolescents and
oung adults, and second, some evidence points to a more
ronounced role in the development of problem drinking
n males (Barr et al., 2007).
. Study 2
.1. Method.1.1. Participants and procedure
Participants were 86 heavy drinking male undergradu-
te students ranging in age from 18 to 26 years (M = 21.4,
D = 2.15). Participants were recruited by emails, posters
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and ﬂyers that were posted throughout the university cam-
pus. Screening (e.g. of alcohol use) took place during a
telephone interview. The inclusion criteria were as fol-
lows: male gender, age range between 18 and 28 years;
a minimum of 20 standard alcoholic consumptions per
week (containing approximately 10 g of pure alcohol, in
the Netherlands, which is less than in the US and more
than in the UK); at least 1 binge episode (6 or more stan-
dard drinks) in the past 2 weeks; and the participant as
well as his parents were required to be from Dutch ori-
gin to prevent population admixture. The exclusion criteria
were as follows: dyslexia and color blindness (related to
another study in which the participants took part). Partici-
pants gave informed consent when they arrived at the lab,
after which they completed the attentional bias task on a
computer in a cubicle and completed short surveys. These
included alcohol and drug use (based on time-line follow
back method, Sobell & Sobell, 1990; Wiers et al., 2007), the
affect-grid to assess mood (Russell et al., 1989), and craving
for alcohol using a Visual Analogue Scale (Kozlowski et al.,
1996; c.f. Schoenmakers et al., 2007). Before commencing
the task, the experienced drinkers were given a small sip
of beer, in order to prime alcohol-related attentional bias
(Cox et al., 2003; Duka and Townshend, 2004; Jones and
Schulze, 2000). For a detailed description of the procedure
we refer to prior publications on this study (Schoenmakers
et al., 2007; Van Den Wildenberg et al., 2007a, 2007b).  A
total of 109 students participated in the study. Of these, 22
participants were excluded due to missing genetic data and
one participant was excluded because he did not complete
the items describing alcohol use. In total, this resulted in
86 participants.
3.1.2. Measures
3.1.2.1. 4.2.1 Problem drinking. Problem drinking was  mea-
sured using seven items from the alcohol use disorders
identiﬁcation test (AUDIT; Saunders et al., 1993). The
AUDIT is a screening instrument for alcohol use and prob-
lems, with the ﬁrst three items assessing quantity and
frequency of use, and items 4–10 assessing problems
related to alcohol (ab)use. These latter items were used
because they indicate drinking heavily drinking despite
negative consequences. Response categories range from 0
OPRM1 gen otype
No risk
Risk
sit ive
 and attentional bias on quantity of alcohol use.
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the literature stating that in the initial phases of drug
use, “liking” and “wanting” are both important predic-
tors of drug use and are still closely linked (Robinson and
Berridge, 1993). For both frequency and quantity of alcoholFig. 3. Two-way interaction between DRD4 
(never or not at all) to 4 (daily or almost daily). Reliability
was sufﬁcient (  ˛ = .73). The average number of problems
identiﬁed by participants was 5.02 (SD = 3.11).
3.1.2.2. Visual probe test. Data were used from the pre-
test visual probe task that is described in detail elsewhere
(Schoenmakers et al., 2007).1 In short, the task descrip-
tion resembled the one described in Study 1, although the
picture-pairs in Study 2 were presented for 500 instead
of 1500 ms  and in Study 2, 48 trials were administered
instead of 112. As in other studies (e.g. Schmukle, 2005),
the internal consistency was low (  ˛ = .18).
3.1.2.3. Genotyping. OPRM1 and DRD4 were tested using
the same method as in Study 1. A total of 49 participants had
a “no risk” proﬁle for both OPRM1 (c.118-AA genotype) and
DRD4 (both alleles < 7 repeats) genotype, 13 participants
had a “risk” proﬁle only for the OPRM1 genotype (at least
one G-allele), 20 participants had a “risk” proﬁle only for the
DRD4 genotype (7+ repeats), and 4 participants had a “risk”
proﬁle on both genotypes (OPRM1 G-allele and 7+ repeats
for DRD4). Due to the small size of this dual risk group,
these individuals were excluded from the analyses result-
ing in n = 82. The allele frequencies for both the OPRM1 and
the DRD4 were in conformity with Hardy–Weinberg equi-
librium expectations (p > .05) in this sample (see also Van
Den Wildenberg et al., 2007a, 2007b).
3.2. Results
A hierarchical linear regression was performed to test
whether the link between attentional bias and prob-
lem drinking was moderated by DRD4 and OPRM1 risk
genotypes. Main effects of age, OPRM1 genotype, DRD4
1 In fact, the order of the studies was so that the young adult study was
run ﬁrst, and assessment was optimized there for that sample (including
an  alcohol prime). The procedure in the younger sample was then adjusted
for suitability in young adolescent group: no alcohol prime and longer
presentation time, as has been done before in adolescents (e.g. Dalgeish
et  al., 2001).e and attentional bias on problem drinking.
genotype, attentional bias (centered), and two interac-
tions (OPRM1 × attentional bias and DRD4 × attentional
bias) were included as predictors of problem drinking.
The predictors explained a total of 15% of the variance
on problem drinking, F(6,75) = 2.28, p = .045. The DRD4 by
attentional bias interaction emerged as the only statisti-
cally signiﬁcant predictor of problem drinking (see Table 3).
Fig. 3 presents the simple slopes describing the association
between attentional bias and alcohol problems calculated
separately for participants with and without the DRD4
risk proﬁle. Attentional bias was  positively associated with
problem drinking for those with the DRD4 risk proﬁle
(b = 1.41, se = .63, p = .028) and was unrelated to problem
drinking for those with a non-risk DRD4 proﬁle (b = −.24,
se = .40, p = .552). So, attentional bias predicted more prob-
lem drinking only for those in the DRD4 risk group.
4. General discussion
The main aim of this project was to explore the mod-
erating role of the OPRM1 and DRD4 polymorphisms on
the association between attentional bias and alcohol con-
sumption in two  independent samples. The interaction
between OPRM1 genotype and attentional bias on alco-
hol use in the early adolescent sample corresponds withTable 3
Linear regression analysis predicting problem drinking of young adults
(Study 2).
Predictors b se  ˇ p
Age −.16 .16 −.11 .312
OPRM1 genotype (risk = 1) −.51 1.02 −.06 .618
DRD4 genotype (risk = 1) −.04 .80 −.01 .964
Attentional bias −.24 .40 −.08 .552
OPRM1 genotype × attentional bias −3.10 1.64 −.23 .062
DRD4 genotype × attentional bias 1.64 .74 .28 .030
Note: N = 82.
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onsumption, results indicated a positive relation between
ttentional bias and alcohol consumption only in G-allele
arriers compared to subjects homozygous for the A allele.
n the young adult sample of heavy drinkers, it was found
hat DRD4 moderated the relation between attentional bias
nd alcohol problems. Only in the young adults with 7+
epeats on the polymorphism, attentional bias positively
redicted problematic alcohol consumption. This suggests
hat in young adult heavy drinkers, individual differences
elated to “wanting” are more important concerning the
elation between attentional bias and alcohol use than dif-
erences related to “liking”. The IST also points out that the
evelopment of addiction is associated with an increas-
ng dissociation between “wanting” and “liking”, where the
ncentive properties of drugs gradually increase and incre-
entally dominate over the subjective pleasure generated
y drugs, which steadily decreases (Robinson and Berridge,
993). The present ﬁndings could be related to the previous
esearch demonstrating that adult heavy drinkers do not
ecrease alcohol intake when liking is reduced, which does
ccur in light drinkers (Hobbs et al., 2005), and to research
howing that attentional bias for alcohol increases in heavy
rinkers after a prime dose of alcohol (Schoenmakers et al.,
008). Hence, these ﬁndings could indicate that an atten-
ional bias for alcohol is related primarily to “wanting”
n young heavy drinkers (where “wanting” and “liking”
tart to dissociate), while in early adolescents who  begin
o drink, “wanting” and “liking” still go hand in hand.
Although the ﬁndings are promising, the underlying
echanism is still unclear. Prior research has already
xamined direct effects of a genetic polymorphism on the
rocessing of emotional stimuli (e.g. Beevers et al., 2007;
uscher et al., 2009; Munafò et al., 2005; Wiers et al., 2009).
n these studies, a relation can be suggested between the
resence of a certain risk allele that codes for functional
ifferences at a neural level that impinge attention. This
easoning does not hold for the current study. The current
tudy showed interactions between performance on the
asks and genetic polymorphisms on actual alcohol use. We
hus demonstrated that the combination of having a certain
enotype and an attentional bias for alcohol is relevant in
xplaining alcohol use.
Accordingly, this implies that a bias in the processing
f alcohol cues is only partly affected by ones geno-
ype. Recent dual process models of addiction (e.g. Wiers
t al., 2007) put forward that drug addiction is the result
f an imbalance in the relation between automatic and
ontrolled processes. Related to alcohol use, it is stated
hat relatively automatic processes (e.g. attentional bias)
trengthen due to repeated alcohol use, resulting in higher
evels of alcohol use. However, controlled processes, which
re compromised by alcohol, could inhibit the effect
f automatic processes. It has been demonstrated that
he effect of automatic processes is larger in individuals
ith poor working memory capacity (Thush et al., 2008).
egarding the current study, one could argue that the poly-
orphisms function as similar moderators. For instance,
RD4 risk alleles have been related to stronger risk tak-
ng and weaker behavioral inhibition (e.g. Congdon et al.,
007). This suggests that individuals without this risk are
etter at inhibiting automatic processes. Future research Neuroscience 1 (2011) 591– 599 597
should examine how inhibitory processes are interfering
with the effects we found.
Several caveats must be acknowledged. First, results
are based on cross-sectional data in both studies, so no
statements can be made regarding the causal order of
the attentional bias and alcohol use. Future longitudinal
research is needed to assess intra-individual differences
over time. Second, the two samples were selective, thus
limiting the generalizability of the results. Replication of
these results in similar and more normative samples is war-
ranted. Third, the attentional bias measure demonstrated
a modest internal consistency in both studies (a known
problem of this measure, c.f. Schmukle, 2005; Tull et al.,
in press), and the attentional bias and alcohol use mea-
sures were not identical in the two  studies. The attentional
bias measure demonstrated a modest internal consistency
in both studies (a known problem of this measure, c.f.
Schmukle, 2005; Tull et al., in press). Attentional bias was
assessed in Study 2 after participants were given a small
dose of alcohol before completing the attentional bias task,
to prime the effect. This was  not done in Study 1 because
of ethical considerations. Frequency and quantity of alco-
hol use were assessed in Study 1, and problem drinking
was assessed in Study 2. While these measures are age
appropriate they are not directly comparable. Fourth, the
allele frequencies of the DRD4 polymorphism in Study 1
were not in conformity with Hardy–Weinberg equilibrium
expectations, and were subsequently excluded. Fifth, the
inclusion of additional variables could impact these results.
For instance, pubertal timing has been found to impact
on the development of appetitive processes of adoles-
cents (Casey and Jones, 2010; Steinberg, 2010; Wiers et al.,
2007). Finally, “wanting” and “liking” were not directly
assessed in this study. It would be of interest to relate
the genotypes studied here to other indices of “liking”
vs. “wanting” (e.g. the moderating effect of these geno-
types on the differential effects between light and heavy
drinkers on consumption of alcohol after an experimental
decrease in liking, c.f. Hobbs et al., 2005). A similar manip-
ulation could also be used to test genetic effects of other
indirect measures proposed to reﬂect a sensitized reac-
tion to alcohol-related cues (alcohol–arousal associations,
attentional bias, alcohol-approach tendencies), and their
relationship with alcohol-related problems.
In conclusion, this study has shown that individual dif-
ferences related to two  genetic polymorphisms previously
related to alcohol use, might be important in explaining
the developmental interplay between attentional bias and
alcohol use. It is tentatively proposed that these poly-
morphisms are related to distinct psychological processes
involved in adolescents’ and young adults’ appraisal of
alcohol stimuli, “liking” and “wanting”, although future
longitudinal research is required to critically test this
hypothesis.
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